Introduction
There is increasing interest in the role physical exercise plays in enhancing physical and mental health. Most research thus far has shown that exercise used as adjuvant therapy for psychiatric patients can improve their mental health and cardiovascular fitness. 1, 2 It has also been shown that exercise can reduce the level of care needed for patients with schizophrenia. 2 A systematic review indicated volume expansion in the hippocampus in schizophrenia patients after physical exercise. 3 Although the results of most studies have pointed to the positive effects of exercise among psychiatric patients, getting patients to adhere to an exercise program is still a very real challenge. This is particularly true among psychiatric patients. Reasons for this include poor motivation, negative symptoms, and complaints that exercise is too time-consuming. [4] [5] [6] A systematic review and meta-analysis demonstrated that sedentary behavior of outpatients with schizophrenia appears higher than that of their submit your manuscript | www.dovepress.com
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Wu et al healthy peers. 7 A study focused on the barriers to physical activity among people with schizophrenia indicated the most frequently ones were patients' lack of motivation (45% of respondents) and lack of priority given to physical activity by other health care professionals (28%). 8, 9 Low-volume high-intensity interval training (HIIT) is emerging as a time-efficient exercise strategy for improving health and fitness among the general population. Researchers suggest that, compared with lower-intensity continuous endurance training, HIIT leads to better oxygen uptake, greater muscle deoxygenation, and better exercise performance. 10, 11 HIIT has proved effective for improving cardiorespiratory fitness, blood sugar control, body fat loss, and hypertension control. [12] [13] [14] [15] [16] [17] Another study also demonstrated that patients participating in high-intensity interval running had higher perceived enjoyment after exercise compared with measurements made after moderate-intensity continuous running. This implied that HIIT improved exercise adherence. 18 On the other side, some researchers noted that interval training has potential physical risks and also a negative psychological effect, evoking an avoidant response and withdrawal. HIIT also required participants' self-discipline and self-regulation to reach the high-intensity level required. 19 HIIT programs are designed according to the ratio of work to rest duration (W:R ratios). The "work" period involves short-duration, full-effort exercise that boosts the heart rate (HR) to 85%-95% maximal HR. W:R ratios are tailored to the level of fitness and physical condition of individual groups. For example, for athletic training, a 2:1 or 1:1 W:R ratio produces favorable results. For less fit groups, a W:R ratio of 1:3 or 1:4 would be more appropriate. 20, 21 Several studies have focused on the results of interval training in patients with schizophrenia. One pilot study showed that a 14-week aerobic interval training program for patients with first-episode psychosis improved metabolic outcomes (waist circumference [WC] WC -4.3 cm, P=0.015) and cardiorespiratory fitness (resting HR -8.6 beats per minute; P,0.05), and increased maximal oxygen uptake (VO 2 max) by 38% (P,0.001) over a relatively short period. 22 A controlled trial showed that 8 weeks of high aerobic intensity training improved peak oxygen uptake (VO 2 peak), and net mechanical efficiency of walking. However, psychiatric symptoms did not improve correspondingly, as shown by results on the Positive and Negative Syndrome Scale (PANSS) and Calgary Depression Scale for Schizophrenia. 23 A later study by the same group showed that single sessions of high aerobic HIIT reduced distress and anxiety among patients with depression or schizophrenia within 15 minutes after exercise and at 3 hours. 24 A case report also shows interval training was far more effective than moderate continuous training for reducing resting HR, increasing HR variability, and improving the ventilatory threshold, or the point at which respiration becomes labored. 25 A review literature indicates that exercise is a useful adjunct treatment for some of the negative symptoms of schizophrenia, in addition to depression and anxiety. Additionally, exercise acts as a coping strategy for positive symptoms, such as auditory hallucinations. 26 Although most studies demonstrated that exercise had positive benefits for people with schizophrenia, the training programs used are variable. A systematic literature review suggested that an exercise program lasting 30-40 minutes per session and undertaken three times weekly at moderate intensity is valuable for people with schizophrenia. 27 In this study, we designed a shorter duration but higher intensity exercise program to determine the complete rate of the participants and positive or negative outcomes for physical and mental health in patients with chronic schizophrenia.
Materials and methods
Test setting and participants
All participants in this study were psychiatric patients receiving outpatient day care treatment at Chang Gung Memorial Hospital. The inclusion criteria were: outpatient day care treatment and a diagnosis of schizophrenia according to the DSM-5 (Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition). Exclusion criteria were: hypertension, or diabetes mellitus without control; history of brain injury, epilepsy, myocardial infarction, or recent musculoskeletal disease; using medication that affects HR (eg, beta-blockers, asthma medications, stimulants, dioxin, antiarrhythmic agents). The study was approved by the Chang Gung Memorial Hospital ethics and scientific committee (102-4619B), and written informed consent was obtained from all subjects.
We recruited an initial group of 28 patients, of whom 20 were included in the study. Eighteen patients completed the training. Two participants were withdrawn after their HR did not reach the goal required for participation in HIIT (Figure 1 ). Demographic data for the group are shown in Table 1 .
study design and methods
This was a prospective study, in which an 8- Notes: Of the original 28 patients recruited, 20 were included in the final study group. eight patients were excluded due to their physical condition. Two patients dropped out during training because their heart rates did not reach the goal needed for participation in hiiT. Abbreviations: hiiT, high-intensity interval training; hr, heart rate. Note: *Data are reported as the mean ± standard deviation (minimum-maximum).
HIIT training program was 25 minutes in duration. The sessions included a 5-minute warm-up period, followed by a 15-minute course of HIIT, and then a 5-minute period of stretching ( Figure 2 ). The training programs were designed with bodyweight exercises that did not require the use of equipment. All participants trained in groups at the same place and at the same time, 3 days a week, for 8 weeks. During the training program, participants wore an HR monitor watch (FT60; Polar Electro Inc, Lake Success, NY, USA) to evaluate the intensity of training. The recorded HR data was uploaded to a computer and checked by two investigators. If the peak HR during the work period was below 95% of maximum HR, participants could not continue in the study. The maximum HR was calculated according to the age-based formula, ie, 220 minus participant age = estimated maximum HR. The general medical condition of the participants was supervised by a specialist in internal medicine during the training program.
Data collection and measures
For the physical health outcomes survey, we focused on the patients' blood pressure (BP), resting HR, body weight (BW), body mass index (BMI), WC, hip circumference (HC), and the waist to hip ratio. In addition to systolic and diastolic BP, we measured and analyzed mean arterial pressure (MAP) and pulse pressure (PP). The physical data were recorded in the resting state at baseline, each week, and at the end of training. The measurement was checked by two investigators according to WHO STEPwise approach to surveillance protocol.
To evaluate the patients' mental health outcomes, a trained psychiatrist interviewed each patient using the PANSS at the beginning of the study and at the end of training. In addition, patients used two self-report questionnaires, ie, the Beck Depression Inventory (BDI) and the Beck Anxiety Inventory (BAI), on the first day and every 2 weeks thereafter until the end of the study.
statistical analysis
The statistical analysis was performed using Statistical Package for the Social Sciences version 17 software (SPSS Inc, Chicago, IL, USA). Normality was tested using Kolmogorov-Smirnov tests. Changes in the physical data, including BW, BMI, WC, HC, waist to hip ratio, BP, and resting HR (parametric), were analyzed by repeated-measures one-way analysis of variance (time effect). Changes in mental health outcomes, including BDI and BAI, were analyzed by Friedman's analysis of variance. The PANSS data (nonparametric) were analyzed by the Wilcoxon matched-pairs signed-rank test. P,0.05 was considered to be The study design for HIIT training Figure 2 Design of the hiiT program. Notes: "Work" period indicates short-duration, full-effort exercise, to boost heart rate to 85%-95%, or to maximal heart rate. Abbreviation: hiiT, high-intensity interval training. 
Results
improvements in physical health outcomes
Changes in the physical data are shown in Table 2 and Figure 3A -C. There was a significant decrease in mean BW, BMI, resting HR, and PP. MAP and diastolic BP increased significantly. Mean BW and BMI decreased, mainly in week 8
and at the end of training ( Figure 3A) . Mean WC decreased, but not significantly, from 92.6±10.8 cm at baseline to 92.0±11.1 cm at the end of training (analysis of variance, time effect, P=0.303). While the mean WC decreased in weeks 2 and 3 of the study, this rebounded in weeks 4 and 5. The mean WC change was not significant at the end of the study ( Figure 3A) . Similarly, mean HC decreased, but not significantly, from a baseline of 101.8±6.3 cm to 101.3±7.6 cm at the end of training (P=0.243). The mean waist to hip ratio also changed, but not significantly, from a baseline of 0.908±0.08 to 0.906±0.06 at the final examination (P=0.303, Figure 3C ).
improvement in negative symptoms, depression, and anxiety PANSS, BDI, and BAI scores were all significantly decreased (Tables 3 and 4) . By the end of the study, PANSS scores had decreased significantly, including the Total score (P,0.001), Negative Scale score (P,0.001), and General Psychopathology Scale score (P=0.001). Several subscale scores in the Negative Scale decreased significantly, ie, poor rapport (P=0.005), lack of spontaneity and flow of conversation (P=0.014). Scores on several subscales included in the General Psychopathology Scale also decreased significantly: depression (P=0.046), motor retardation (P=0.020), uncooperativeness (P=0.046), poor attention (P=0.046), disturbance of volition (P=0.046), preoccupation (P=0.046), and active social avoidance (P=0.025). The total Positive Scale scores changed, but not significantly, from a mean of 12.28±2.27 at baseline to 12.33±2.00 at the end of the study (P=0.729; (Table 4 and Figure 4 ).
Discussion
To date, only a few studies have evaluated the use of HIIT in patients with schizophrenia. This is the first study of the use of HIIT in patients with chronic schizophrenia, and the results show that HIIT can be successfully used in these patients. A previous pilot study by Abdel-Baki et al demonstrated that a 14-week aerobic interval training program conducted at a first-episode psychosis service (n=16) could improve patient WC (-4.3 cm; P=0.015) and resting HR (-8.6 bpm; P,0.05), and it also increased their VO 2 max by 38%. The mean age of the subjects in that study was 25.9±3.9 years. 22 The mean age of the participants in our study was 38.39±8.24 (range: 25-55) years, and the mean duration of their diagnosis of schizophrenia was 15.39±7.3 years. After an 8-week HIIT program, our subjects showed improved BW, BMI, resting HR, and PP, and decreases in negative symptoms, depression, and anxiety.
With regard to the effects of HIIT on BP, our participants' mean baseline data were systolic BP 128.92±11.7 mmHg and diastolic BP 74.83±9.0 mmHg (levels under the goal of systolic BP ,140 mmHg and diastolic BP ,90 mmHg recommended by the Eighth Joint National Committee). 28 At the end of training, their average systolic BP was 125.00±11.6 mmHg and the average diastolic BP was 81.67±10.6 mmHg, ie, still in the normal range.
To study the effects on BP further, we measured and analyzed MAP (MAP =1/3 systolic BP +2/3 diastolic BP) and PP (PP = diastolic BP -diastolic BP). Increases in PP indicate greater stress on arteries, which increases the risks of vessel wall damage and of developing atherosclerosis and thrombosis. 29, 30 Based on the results of the Framingham Heart Study, Franklin et al suggest that PP is a better predictor of increased risk of coronary heart disease than systolic or diastolic BP. 31 Benetos et al observed that PP is also a significant and independent predictor for risk of myocardial infarction. [32] [33] [34] In our study, participants' PP decreased significantly (P=0.010), from 54.11±11.29 mmHg at baseline to 43.33±6.44 mmHg at the end of training. This implies that HIIT can improve PP, and thus may decrease cardiovascular risk.
The results of the PANSS showed statistically significant decreases in General Psychopathology Scale, Negative Scale, and Total scores. There were modest increases in the Positive Scale score, from 12.28±2.3 at baseline to 12.33±2.0 at the end of training, but this was not statistically significant. The results also indicate a major improvement in the poor rapport, lack of spontaneity, and flow of conversation subscales of the Negative Scale score. In the General Psychopathology Scale, improvement was seen in the depression, motor retardation, uncooperativeness, poor attention, and active social avoidance subscales, compatible with the BDI result.
Mean BAI scores decreased from 13.67±13.83 at baseline to 10.06±11.18 at the end of training, and this was statistically significant (P=0.003). In contrast, no statistically significant changes were noted in the PANSS subscales for somatic concern, anxiety, and tension. We hypothesize that this result is related to the fact that HIIT can induce muscle soreness, and this may have confounded the somatic symptoms subscale.
Our results are compatible with those of previous studies showing that exercise can improve negative symptoms, depression, and anxiety. 2, 26, 35, 36 To our knowledge, ours is the first study using a program of HIIT in patients with chronic schizophrenia. In this study, we clearly defined the duration, frequency, and intensity of the exercise program. There were several limitations to our study, the main one being the lack of a control group. The primary reason we could not design this research as a randomized controlled trial is because the HIIT required participants' self-discipline and self-regulation to reach the high-intensity level required. The participants in this study were all highly motivated to join the HIIT group. To prevent selection bias, we design only the HIIT group. Second, there was only a single training group. Our present data cannot determine whether duration, frequency, or intensity of exercise is most beneficial for patients with schizophrenia. Third, the study had a small sample size, with only 18 patients completing the study. This is a reflection of the fact that most patients with schizophrenia cannot meet the criteria for HIIT and is also related to poor motivation due to negative symptoms. Our study also has selection bias, ie, there were 28 volunteers at the beginning of the study, but for patient safety, we only included 20 who were in relatively good physical condition and with relatively good motivation and exercise adherence. Only two participants voluntarily withdrew from the study (Figure 1) .
Conclusion
This study demonstrates that a program of HIIT has positive effects on the mental and physical health of patients with chronic schizophrenia. After the training program, patients showed improved BW, BMI, PP, and resting HR, as well as improvements in negative symptoms, depression, and anxiety. Future studies could investigate duration, frequency, and intensity of exercise, to establish optimal work and rest schedules that are most beneficial for patients with schizophrenia.
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